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Abstract 
Solar thermoelectric, even for small sizes, is continuing to garner more attention, by virtue of maturation of small 
size organic Rankine cycle generators, and of small size absorption chiller even if cost and reliability are still not 
optimal. Indeed, solar thermal power technology improvement would consent to stimulate an ambit already present 
in Europe and Italy with a well-known tradition and established leadership and efforts focused on a single solar 
technology would bring to positive effects concerning controllable electric and thermal energy uses. In this context, 
the present work tries to summarize the possible cycles and fluids that can be applied in a small solar thermal power 
plant. Despite a plethora of simulated and experimental cycles and fluids, the simplest cycle using near isentropic
fluids seems to be the best choice for a small ORC-based CHP system, even if particular attention has to be done to 
all the sizing parameters (electricity, heating and cooling demand; area and type of solar collector; flow and 
temperature of the thermal carrier; flow, temperature and pressure of the working fluid; storage volumes; etc.). 
Indeed, efficiency and reliability of the reported systems are very different, but, it seems that global efficiency of 
even more than 10% and global cost of even less than 10,000 €/kW can be obtained even at size of few kW if 
adequate systems are constructed and managed.  
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1. Introduction 
The most representative technology of distributed generation for residential users is, at present, the solar 
photovoltaic. Above all, the following factors allowed to heavily propagate in many countries: the easiness of 
installation, the standardization, the reduction in photovoltaic modules prices, the low burdensomeness of 
maintenance and system management and, finally, the incentive apparatus which governments, all around the world, 
have been recognizing to energy produced by photovoltaic systems. In spite of the imposing number of MW 
installed [1,2], in Italy, the development of Italian photovoltaic technology and industry did not correspond to the 
size of such an effort. After a quick and intense race, photovoltaic has been, quite suddenly, stopped and thermal 
renewable sources development became one of the new targets of government policies. The present work represents 
state of art and considerations regarding an evolving renewable system based on thermal solar technology. An in 
depth analysis of present state of thermodynamic organic Rankine cycle and fluids adopted has been developed. 
Inside the state of art of solar thermal coupled with ORC generator, possible applications have been reviewed. The 
research group which operated at the present work is studying, simulating and constructing such a solar system 
coupled with an ORC generator of 3 electric kW [3–5]. Within the solar commercial world, the dualism between 
solar power and solar thermal generation is well known. The upgrade of a solar system to a CHP gained an 
increasing interest when demand for distributed electricity supplies in areas poorly served by centralized power 
stations grew [4]. How, when and where could solar CHP supersede other distributed systems? Beyond doubts, the 
first prerequisite to make the advantages of solar thermoelectric systems to be appreciated is commercial and 
concerns the solar collectors, power generator and system components cost. The right cost condition can be reached 
by the support to market. Probably, in 2005 not many people believed that solar photovoltaic specific cost would 
have passed from 7000 € per installed peak kW to the present value of 2000 €. Nevertheless, the national incentive 
systems, though not very well-balanced, allowed to reduce of 71.4 % the cost of the integrated systems. For instance 
the 3 kW system under construction at university laboratories costs around € 50,000, thus about 17.000 €/kW. The 
largest impact comes from the solar plant (about 20,000 €), because of the relevant size of the solar field which 
remains critical while the cost of ORC engine (about 10,000 €) and absorption chiller (about 10,000 €) are 
decreasing, and also the control kit and installation costs (about € 10,000) can decrease. One more distinguishing 
and inescapable feature of the concept worked out by the above mentioned research group is the exigency of urban 
applicability of solar thermal CHP systems [6]. This condition is hardly ever considered because of the centrality of 
performances of the systems. In order to be applicable to urban context, a solar system needs to be building 
integrated from an architectural point of view. Photovoltaic designers, producers and installers, pushed by the 
current regulations, learned to apply this prerequisite to all their urban projects: it has been fixed as a condition to 
earn a bigger incentive contribution.  
Nomenclature 
ORC  Organic Rankine Cycle    PCM Phase Change Material 
CHP Combined Heat and Power system   CPC Compound Parabolic Concentrator 
RO Reverse Osmosis     ODP Ozone Depletion Potential  
Tc critical temperature    GWP  Global Warming Potential 
pc critical pressure     IHE Internal Heat Exchanger 
TNBP normal boiling point temperature   M molecular weight 
2. The organic Rankine cycle  
The evolution of solar thermal technology is now allowing a widening of its possible applications always sought 
by the Human being as the mirrors of Archimedes prove. The above-stated widening is now regarding the low sizes 
segment of the market (between 1 and 200 kW), even for power generation, in virtue of a more suitable power 
generator, which is going to be introduced in following paragraphs: the Organic Rankine cycle system. The thermal 
energy conversion system into mechanical energy, and thus in electric energy, is called Organic Rankine Cycle 
(ORC), and consists of the use of organic fluids with high molecular weight in Rankine cycle. The temperature of 
liquid-vapour phase change of these fluids is lower than the water cycle one. This feature permits to produce electric 
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energy also from low-medium temperature heat sources [7]. Nowadays, the power range is contained between a few 
kW and 2500 kW. The research group is concentrating on distributed generation and then on residential application 
which means an electric power included in the range 1÷200 kW. This kind of applications becomes possible by 
virtue of the maturation and simplification of small size ORC generators and the prospective of affordable costs of 
the systems. Furthermore, the ripening of small size absorption chillers allows, nowadays, conceiving a 
multipurpose energy system potentially autonomous. The characteristics of ORC make them suitable for being 
integrated in applications like solar desalination with reverse osmosis systems [8], waste heat recovery from biogas 
digestion plants or micro-CHP systems [8]. Many low temperature sources can supply heat to Organic Rankine 
Cycle (ORC) generator. Nowadays biomass and heat waste ORC is dominating this kind of market. Obernberger et 
al. [9] shows different combustion technologies associated with the combined heat and power (CHP) production, 
making a comparison between Stirling engine, steam engine (screw-type motor) and Organic Rankine Cycle engine. 
Sipila et al. [10] carried out a simulation on a small-scale, biomass-fired, ORC-based CHP system using the 400 
kWe Admont CHP plant as the basic model plant. Their results indicated that the simplest structure was the best 
choice for an ORC-based CHP system subjected to power-to-heat ratio. Only the combustion air pre-heater had a 
positive effect on the electricity efficiency when compared to the basic ORC model plant, although the pre-heater 
did not affect electricity production but improved the boiler efficiency. Their conclusions were that turbine 
expansion from the saturated steam temperature was optimal for the ORC system. Madhawa Hettiarachchi et al. [11] 
presented an optimum design criterion for Organic Rankine power cycles utilizing the geothermal source. The 
optimum cycle performance was evaluated and compared for different working fluids like ammonia, HCFC123, n-
Pentane and PF5050. They obtained an efficiency of about 8.9% for ammonia, 9.8% for HCFC123, 9.9% for n-
Pentane and 7.8% for PF5050. The analysis of the thermal basin in this case is crucial [12]. Even in the case of 
biogas digestion plants, combustion engine heat recovery is utilized to feed ORC [13].  
2.1. Thermodynamic cycle 
In the ORC cycle, see Fig. 1, a pump supplies the working fluid to the evaporator, where the working fluid is 
heated and vaporized by the heat source. The generated high pressure vapour flows into the expander (e.g. turbine, 
scroll expander, radial cylinders expander, etc.) producing power and, then, the low pressure vapour is led to the 
condenser. The condensed working fluid is pumped back to the evaporator and, thus, a new cycle begins. In this 
context, the choice of the working fluid is essential. The most important parameters in ORC system dimensioning 
are the energy consumption model of the user to serve and, thus, the solar ratio, the solar field surface, the heat 
storage capacity, the flow of the pumps, especially the solar primary loop one and the fluid specifications with 
regard to achievable temperatures. 
 
Fig. 1. ORC cycle’s components [14]. 
A first relevant feature of the working fluid is the shape of the saturated line in the T-S diagram. As shown in Fig. 
2, the fluids can be divided in isentropic, wet and dry based [15]. The dry fluids (e.g.  n-pentane, benzene, toluene, 
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etc.) have a positive slope; the wet fluids (e.g. water, ammonia, etc.) have a negative slope; and the isentropic fluids 
(e.g. trichlorofluromethane, dichlorodifluoromethane, etc.) have an infinite slope (the saturation vapor curve for 
such a fluid is almost vertical on the T–S diagram). In case of ideal cycle, a fluid expands isentropically through the 
turbine to produce power. Because of the negative slope of the saturation vapor curve of a wet fluid, stream going 
out the turbine typically contains lot of saturated liquid. Presence of liquid inside turbine may damage turbine blades 
and it reduces the isentropic efficiency of the turbine. Typically, the minimum dryness fraction at the outlet of a 
turbine is kept above 85%. To satisfy the minimum dryness fraction at the outlet of the turbine, a wet fluid should be 
superheated before getting in the turbine. However, for a conventional Rankine cycle with low temperature source, 
there may not be enough temperature driving forces enabling to superheat the fluid. Due to reduction in heat transfer 
coefficient at the vapour phase, heat transfer area requirement and hence, cost of superheater rises significantly. On 
the other hand, using dry and isentropic fluids, the condition after the expansion is either saturated or superheated 
vapor. Therefore, dry and isentropic fluids are mostly the favourite working fluid in case of ORC system, which 
utilizes low grade heat sources. In case of dry fluids, the state point, after the turbine expansion, lies in the 
superheated vapour region enabling regeneration in order to improve thermal efficiency. 
 
Fig. 2. Shape of the saturated vapour line of isentropic, wet and dry fluids [15].  
Another important aspect is the pressure at which the heat is transferred from the heat source to the working 
fluid. At subcritical pressures, the fluid undergoes a liquid-vapour phase transition during heating while, at 
supercritical pressures, the phase transition does not occur, see Fig. 3.  
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Fig. 3. Supercritical and subcritical cycle [16]. 
In the supercritical cycle, the heating of the fluid takes place in the superheating vapour region [15] (working 
over the critical point): the transformation from 2 to 3 occurs outside the bell. Working with the supercritical cycle, 
the cycle efficiency increase, in agreement with Carnot, because of the mean temperature of the isobaric 
transformation in the evaporator increase, and furthermore the isentropic leap 3’-4’ is greater than the leap 3-4. But 
the exchanger area will be greater because the heat is transferred at the superheated vapour phase. The Carnot 




TT  K    (1) 
η increases when Tmin decreases and Tmax increases (T are temperatures in Kelvin degrees). The efficiency can be 





T K    (1) 
Mathematically, the reduction of the condensation temperature (Tmin) of ΔT is more effective than the increase of 
the Tmax of the same value (ΔT). These are the reasons why performance of ORC are lower (typically η = 5 r 20%) 
than performance of conventional Rankine cycles (up to more than 40%). The convenience of the ORC consists in 
the option to feed the evaporator by renewable or waste energy, keeping low the costs of fuel and maintenance. The 
following Fig. 4 confirms that the ORC systems have a lower efficiency than the steam turbines. The power is 
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Fig. 4. Power and efficiency range of external combustion systems [17]. 
2.2. The cycle modifications 
Some above mentioned modifications of the traditional cycle can be done. From the state point 2 (shown in Fig. 
5), the fluid can be heated in the evaporator at a constant pressure and then superheated (state point 3). Afterwards, 
it can be expanded with an isentropic transformation to the state point 4 placed in the superheated vapour region. If 
the expander outlet temperature is higher than the condenser intlet temperature, it may be rewarding the recourse to 
an internal heat exchanger [18]. 
 
 
Fig. 5. Superheated ORC cycle with internal heat exchanger (points 4a and 2a) [18].  
The enthalpy leap between 4 and 4a represents the heat subtracted from the fluid after the expansion and 
transferred to the fluid placed in point 2; 4-4a is the internal heat exchanger (isobaric cooling); 2-2a is the internal 
heat exchanger (isobaric heating).The variation of the cycle, inside the system layout, is shown in Fig. 6. 
The cycle efficiency increases [19] for two reasons: first, the heat exchange with the heat source (isobaric 
transformation 2a-3) occurs at a higher mean temperature and, on the other hand, the heat exchange with the cold 
source (isobaric transformation 4a-1) occurs at a lower mean temperature. 
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Fig. 6. Block diagram of the ORC cycle [18]. 
Madhawa Hettiarachchi et al. [11] show that a negative slope of the saturated vapour line implies that the fluid 
needs to be superheated to avoid excessive moisture at the end of the expansion process. If the slope of saturated 
vapour line is positive or vertical (isentropic), the end point lies in the dry vapour region with irreversible expansion 
and superheating is not required. Delgado-Torres et al. [20] evaluated that it is unnecessary the use of a superheating 
vapour process in the Rankine cycle when a dry fluid acts as a working fluid of the cycle. In case of dry working 
fluids, the temperature of the stream at the turbine outlet is always higher than that at the evaporator inlet. Transfer 
of heat from the turbine outlet fluid to the evaporator inlet one is known as regeneration [21]. Saleh et al. [18] 
presented a thermodynamic analysis of ORC, varying several working fluids, and showed that the regeneration 
using an IHE improves efficiency in case of dry fluids. They also demonstrated that a small portion of the working 
fluid may be extracted from the turbine and mixed with the working fluid before it enters the evaporator. This 
contrivance is known as turbine bleeding. Through turbine bleeding, the mean temperature of heat addition can be 
increased to improve the thermodynamic efficiency of the overall power generating cycle. Nevertheless, this 
analysis points out that the net shaft-work lowers because of the extraction of the working fluid from the turbine. 
Desai et al. [21] demonstrated that a contextual recourse to both regeneration and turbine bleeding improves even 
more the thermodynamic efficiency of an ORC. The 16.5% average improvement of efficiency has been obtained 
based on the tests of 16 dry fluids. N-perfluro pentane reached the maximum improvement of 34.3%. 
3. Coupling between solar thermal and ORC system  
The Organic Rankine cycle can serve the desalination treatment as demonstrated by the study of Manolakos et al. 
[22] which presents the on site experimental evaluation of a low-temperature solar ORC system enslaved to reverse 
osmosis (RO) desalination. The layout of the system is: vacuum tube solar collectors (216 m2), circulator, pre-heater 
(35 kW), evaporator (73 kW), condenser (100 kW), expander (2.5 kW), HFC-134a pump (2000 kg/h), RO unit, 
characterized by a 0.3 m3/h fresh water production, 15% nominal water recovery, water reservoir (1 m3), RO energy 
recovery system. The overall efficiency of the cycle was very low (about 1%) for the lack of regulation of HFC-
134a mass flow rate and for the operation point of the expander under the intermittent availability of the solar 
radiation. The efficiency obtained through the onsite tests are considerably low compared to the maximum 
registered during the laboratory tests [23]. Notably, Ghermandi et al. [24] combined reverse osmosis desalination 
with solar energy obtaining a reduction of the operational costs of desalination plants. They investigated three 
principal system solutions for solar-powered RO membrane desalination: (i) photovoltaic-powered reverse osmosis 
has a low conversion efficiency, about 15-16%; (ii) solar thermal-powered RO, where the heat absorbed by the 
collectors evaporates at low temperatures (70°C) a working fluid (HFC-134a) which generates the mechanical work 
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necessary to the RO pump; and (iii) hybrid solar desalination which combines the power of solar technologies with 
electrical power from other renewable or conventional sources. Nguyen et al. [25] developed a small-scale system 
designed to generate electricity from low temperature heat of 81°C (e.g. solar source) with a brazed plate heat 
exchanger (CBE) and a condenser saturation temperature of 38°C. The used working fluid is n-pentane and the 
delivered power is 1.5 kW with a 4.3% efficiency. A solar thermal electric generation system is presented by Jing et 
al. [26]. It consists in compound parabolic concentrators (CPC) and a HCFC-123 ORC power generator. The ORC 
system is provided with two-stage heat exchangers, a fluid storage tank with phase change material (PCM) and a 
regenerator. Contrary to the traditional solar ORC systems, an organic fluid storage tank with PCM has been set at 
the outlet of the second-stage heat exchanger. In the first-stage heat exchanger the organic fluid is heated from sub-
cooled to saturated liquid conditions. In the second-stage of the heat exchanger, a binary phase evaporator is 
provided. The two-stage heat exchangers are connected to the collectors separately (the area of the first collectors is 
270 m2 and the second stage collectors area is 410 m2). The application of two thermal oil cycles on the low 
temperature solar thermal electric generation is much more significant for the collector efficiency. This design 
reduces heat transfer irreversibility between heat-carrying oil and HCFC-123 in the heat exchangers, maintaining the 
stability of electricity output. The results indicate that the three factors have a major impact on the annual electricity 
output and are considered the key points of optimization. The optimized system shows that: (1) the annual received 
direct irradiance can significantly be increased by two or three times optimal adjustments even when the CPC 
concentration ratio is smaller than 3.0. (2) Compared to the traditional single-stage collectors, two-stage 
configuration with collectors connected to the heat exchangers by two thermal oil cycles can improve the collector 
efficiency by 8.1–20.9% in the simultaneous processes of heat collection and power generation. (3) Using collectors 
available in the market, the optimal ORC evaporation temperatures in most of the simulated areas are around 120 
°C. The superiority of the two-stage heat exchange system in comparison with single-stage is greater when 
irradiance is weaker. Optimization of the ORC evaporation temperature is not only related to the climate 
temperature and annual irradiance conditions of the local area but also to the operating mode of heat storage. The 
system electric efficiency first goes up when the evaporation temperature increases at lower temperatures range and 
then drops down with further temperature increment. According to the second law of thermodynamic the ORC 
efficiency is improvable through larger temperature differences between the hot and the cold sides. Nevertheless, the 
collector efficiency becomes lower when the average temperature of heat-carrying oil rises. A similar configuration 
system (the area of the first stage collectors is 140 m2 and the second stage is 400 m2) was used by Pei et al. [27] 
demonstrating that the regenerative cycle has positive effects on the ORC efficiency (the maximum efficiency of the 
regenerative ORC is higher than without regeneration cycle by 9.2%) while has negative consequences on the 
collector efficiency because of the increment of the average working temperature of the first-stage collectors. 
Maximum efficiencies have been observed for both the ORC and the electric system generator on conditions of 
constant irradiance, evaporation temperature and ambient temperature. The regenerative temperature at which the 
system electricity efficiency reaches its maximum is smaller than that at which the ORC efficiency reaches its 
maximum by 12–21°C. 
4. The organic fluids 
The organic fluids used as working fluid in the Organic Rankine Cycle can be silicon oils (silicones or 
polysiloxanes), hydrocarbons or fluorocarbons. In the ORC temperature range the oils keep liquid with a pressure 
similar at the atmospheric pressure, working thus with lower pressure than the conventional Rankine cycle. The 
advantage of the low pressure is shown in the comparison between water and organic fluid in Fig. 7. 
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Fig. 7. Comparison between water and organic fluids (R245fa, Cyclohexane) [13]. 
The diagram emphasizes the placement of the organic fluid bell at lowers values of temperature, and, as a 
consequence, lowers critical points. Furthermore, the organic working fluid has, in comparison with water, a 
relatively low enthalpy difference between high pressure and expanded vapour [13]. This leads to higher mass flows 
compared to water. The application of larger turbines, due to the higher mass flow, reduces the gap losses as regards 
a water–steam turbine with the same power (the efficiency of an Organic Rankine Cycle turbine reaches 85%). 
Superheating, in order to avoid liquid in the exhaust vapour is not necessary, because the expansion ends for most of 
the fluids in the area of superheated vapour contrary to water. Superheating of the vapour is favourable but because 
of the low heat exchange coefficients this would lead to very large and expensive heat exchangers. 
A determining factor in the choice of the fluid to adopt in a cycle, are the critical temperature and pressure. 
Furthermore, besides the thermodynamic properties, legislative requests are a very important condition. The 
protection of the ozone layer and the reduction of emission of greenhouse gases are at the root of various regulations 
and understandings as the Montreal Protocol which is the most important agreement on substances [28], the 
European directive 2037/2000 [29] is the legal binding implementation of the protocol, the Kyoto Protocol of the 
United Nations Framework Convention on Climate Change [30] and the regulation 842/2006 of European 
Parliament and Council [31]. Thus, the main parameters to consider in the choice of fluids are [32]: 
1. Environmental: low environmental impacts (low ODP, low GWP and low atmospheric lifetime). 
2. Safety: good safety characteristics (non-toxic and non-flammable). 
3. Chemical stability: good thermal and chemical stability (stable at high temperature), and good 
compatibility with materials (non-corrosive). 
4. Physical properties:  
• Vapour saturation curve with zero or positive slope (ds/dT) (isentropic or dry fluids); 
• High latent heat of vaporization;  
• High density (liquid/vapor phase); 
• High specific heat;  
• Moderate critical parameters (temperature, pressure);  
• Acceptable condensing and evaporating pressures (>1 bar and <25 bar resp.);  
• Good heat transfer properties (low viscosity, high thermal conductivity);  
• High thermodynamic performance (high energetic/exergetic efficiency);  
5. Thermodynamic properties: 
• Positive slope of the vapour saturation curve on T-S diagram to assure that all expansion states exist on the 
superheat region; 
• Critical temperature above the maximum operating temperature of the cycle;  
• Dry fluids in general generate superheated vapor at the turbine exit, and this reduces the area of net work in 
the T-s diagram. Moreover, a generator may be needed in order to relieve the cooling load of the condenser; 
• The major disadvantage for the wet fluids is their moisture content during expansion process in the turbine; 
• Isentropic (or nearly isentropic) fluids in general are the best fluids. 
6. Technical properties: 
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• Reasonable temperature to avoid expansive high temperature system (tube, seal, pump, etc.); 
• Reasonable pressure to avoid expansive high pressure system and leakage;  
• Low specific volume ratio over the expander in order to reduce volumes; 
• Low cost and good availability. 
For instance, the vapour saturation line of R134a has a positive inclination and, as a consequence, the expansion 
ends near the saturation line. R245fa has a very broad application range. It is used as foaming agent, refrigerant and 
as working fluid for Organic Rankine Cycle for heat recovery and bottoming cycles. Due to the negative inclination 
of the vapour saturation line, the sensible heat can be used for preheating the liquid working fluid. In Table 1 is 
reported the characteristics of some fluid which can be used as working fluid in the organic Rankine cycle. 
Table 1. Properties of more important organic working fluids. 
IUPAC chemical name ASHRAE number Tc (°C) pc (bar) TNBP (°C) M (g/mol) GWP100years ALT (yr) ODP 
1,1,1,3,3-Pentafluoropropane R245fa 154,01 36,51 15,14 134,045 1030 7,6 0 
HFC134a R134a 101,1 40,6 -26,07 102,03 1430 14 0 
n-pentane R601 196,55 33,7 36,1 72,15 ~20 0,01 0 
ammonia R717 132,25 113,33 -33,34 17,03 <1 0,01 0 
cyclohexane 280,5 40,75 81 84,16 n.a. n.a n.a 
HCFC123 R123 183,75 36,7 27,85 152,93 77 1,3 0,02 
1,1,2,2,3-Pentafluoropropane R245ca 174,42 3925 25,15 134,05 693 6,2 0 
Isobutane R600a 135 36,47 -11,7 58,12 ~20 0,019 0 
1,2-Dichlorotetrafluoroethane R114 145,7 32,89 3,6 170,92 10040 300 1 
n-butane R600 152 37,96 -0,5 58,12 ~20 0,018 0 
1,1,2-Trichlorotrifluoroethane R113 214,1 34,39 47,6 187,38 6130 85 1 
Propane R290 96,68 42,47 -42,1 44,1 ~20 0,041 0 
R407c 86,79 45,97 -43,6 86,2 1800 15,6 0 
Difluoromethane R32 78,11 57,84 -51,7 52,02 675 4,9 0 
R500 105,5 44,55 -33,6 99,3 8100 74,1 0,738 
Difluoroethane R152a 113,3 45,2 -24 66,05 124? 1,4 0 
Ethanol 240,8 61,48 78,4 46,07 n.a. n.a. n.a 
methanol 240,2 81,04 64,4 32,04 n.a. n.a. n.a 
1,1-Dichloro-1-fluoroethane R141b 204,2 42,49 32 116,95 725 9,3 0,12 
5. Conclusions 
The present work has shown that important stratagems consent to increase the efficiency of a solar powered ORC 
system in order to reach efficiency of similar power plants [4,33–38]. It is not so outstanding to reach very high 
temperatures. It is more important to use other illustrated shapes of shrewdness to improve the system performances. 
Nevertheless, the mentioned adjustments entail a greater intricacy of construction and management of the systems. 
Furthermore, their consequent encumbrance is another awkward implication. Beyond doubt, the really outstanding 
condition will be the cost of the system. But there many more advantages which make the solar thermal way to 
produce electricity and cold more profitable. In the comparison between the generation of refrigerating energy of an 
absorber and an heat pump chiller, considering a 12% efficiency (electricity produced versus total solar radiation) of 
photovoltaic module and a traditional chiller with a real COP of 2 (thermal cold energy produced versus electrical 
energy used) we have a total efficiency of 24% (thermal cold energy produced versus total solar radiation) while 
considering a 65% of solar thermal collector efficiency (thermal hot energy produced versus total solar radiation) 
and a 60% of absorber efficiency (thermal cold energy produced versus thermal hot energy used) the resulting 
global efficiency is of 39% (thermal cold energy produced versus total solar radiation). The storability and 
controllability of energy flows is ameliorative respect to photovoltaic [39]. Then, once reached an economical 
sustainability, solar-orc multigeneration systems could be able to supersede photovoltaic at the suitable latitudes and 
especially in the sun belt. 
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